: We have derived and tested several relations between geoid ( N) and quasi -geoid ( () with model validation. The elevation correction consists of the first-term (Bouguer anomaly) and second-term (vertical gradient of gravity anomaly) . The vertical gradient was obtained from direct measurement and terrain calculation. The test results demonstrated that the precision of geoid can reach centimeter-level in mountains less than 5000 meters high.
Introduction
To convert quasi-geoid into geoid, the key is to solve the terrain effect in geoid ( N) , which is above the quasi-geoid (C). This was done differently by different authors. Sjoberg[l] and Bian[ 2 l took into account of the quadratic term of elevation ( H) by using methods which were more precise than the approximate equation given in reference [ 3 ] . In reference [ 1 ] , the vertical gradient of "mixed gravity anomaly" on ground points was applied as quadratic coefficient of H; in reference [ 2] the vertical gradient of pure gravity anomaly was used. In either case , the difference is very small.
These studies have provided a theoretical basis for calculating precisely the orthometric height ( H 0 ) and N, in case of known HD ( normal height) and (. Zhang et al [ 4 ] derived geoid and orthometric heights of the Mountain Qomolangma with the above-mentioned formula and found the result to be satisfactory. With the development and application of InSAR and SRTM to topographical, geological , and geophysical prospecting , more attention has been paid to applications of H.-H,=N-{=~H.
g (1)
The normal gravity y is an analytical function. So its mean value y can be calculated easily by using theoretical formula. However the calculation of mean gravity g requires detailed information related to rock density and terrain relief.
Owing to (2) Where P is the point of interest, g, is the gravity at point P on the earth swface , 'Y P is normal gravity, and l!g, is gravity anomaly. It is assumed that there is no mass between P and the earth ' s surface. The partial derivative of gravity (g) is
For a point inside the terrain (4) where, G is the Newtonian gravitational constant,p is the bulk density of earth ' s crust , and we let p = 2670 kg/m 3 • In the above equation, the subscript " + p" indicates that the partial derivative is evaluated from space to the ground , whereas subscript. " -p" , the partial derivative from inside of the terrain to ground.
If expand the actual gravity inside the topography into Taylor series and adopt only its first-order term, then the gravity for the internal point Q at a distance Z from the geoid is
If we neglect the variations of aylah with latitudes and elevations ( which are smaller than orthometic height (H.) ) , then g,=g,-( -0.3086+¥f+411Gp)(H-Z) (6) where (H-Z) is in kilometer unit.
The value of g is obtained by integrating the mean value of g, in the vertical direction, ie.
From reference [ 2] , we have
Following the definition of Bouguer anomaly, we have (10) where ' Yo is normal gravity on the reference ellipsoid.
Equation ( 9) can be further simplified as :
Substituting equation ( 11 ) • 'Y 2y ah ( 13) But the second term on the right side of equation ( 12) contains only vertical gradient of gravity anomaly, which is the difference between actual gravity and normal gravity at the same point. However, in equation ( 13) , the free-air gravity anomaly (L1g 1 ) is not at the same point , and it contains 0 (II' ) . The derivation of equation ( 12) is simpler and more convenient['!.
The second term on the right side of equations ( 12) and ( 13 ) The first term in equation ( 12) represents the effect of regional gravity field , whereas the second term, the effect of local field. Only by considering both of them can we transform more completely from quasi-geoid into geoid, both physically and numerically.
Check of derived equation for
(N -l) [2,nJ To check the derived equation, we considered the following three models.
1 Model I (Hemisphere)
Suppose that the earth's surface is smooth and AOA' is its reference plane ( 
Obviously the height of quasi-geoid (height anoma-
It is necessary to regard P 0 as an internal point for the gravitational potential , since P 0 is on the geoid and close the point 0. In the same way , we can derive the distance from geoid to origin 0 ( by neglecting the effect caused by the anomalous mass)
Therefore N-( = 0. 57 m.
From reference [ 11 ] we can also derive the gravity anomaly at point P caused by this anomalous mass
The Bourguer anomaly is :
The vertical gradient of gravity anomaly from refer-
From this result and equation (12) , we obtain, N-
This value differs from the difference between the results calculated by using equations ( 15) and (17) ) and a radius (R 1 = 6 km);
with one baH of the mass exposed to the earth ' s atmosphere and the other haH buried in the earth (Fig. 3) . 
The height of geoid is
The vertical gradient of gravity anomaly at P is The gravity anomaly at point P produced by the two spheroids is =436 X 10- Bodemulle made the gravity-gradient measurement with a Sharpe gravimeter at nearly 50 points at intervals from 70 to 1000 m in Harz and Gebiet hills in Germany.
Because of the terrain ' s complexity , the variation of the vertical gradient was dramatic ( Fig. 5 , mark on is opposite to normal gravity values) .
In the case of Tibet, the vertical gravity -gradient survey was made with a Worlder 169 gravimeter along a profile 3. 35 km long; the best precision reached was
The elevation difference in every point was 500 m , and terrain correction was carried at every measurement point ( Fig. 6 ) . The radius of tomographic correction was between 1. 6 km and 2. 5 km . 
and the gravity anomaly is:
The distance between the volume element and origin
Thus aL1y is inaz versely proportional to the cube of distance and L1g is inversely proportional to the square of distance. Since
L1g is also related to C I d = cosa , only the mass below poin it plays an important role.
Since deeper mass associated with higher-order terms has small effect, the vertical gradient of gravity anomaly can be computed approximately from local terrain and density data.
In fact, analysis of our own and previous data shows that in mountain areas L1g has a highly linear correlation with the topography. For example, the correlation coefficient at Everest north and south sides are 0. 97 and 0. 96, respectively. Thus the error of gravity anomaly calculated from terrain undulation is only 3 - 
